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(57) ABSTRACT 

Methods and systems are provided for receiving and stream 
ing storage tape by a tape head from storage tape cartridges 
of varying formats in a single tape drive. In one example, an 
exemplary tape drive system includes a receiver, a reel 
driver system con?gured to selectively drive at least tWo 
cartridges having different cartridge formats, and a drive 
leader system con?gured to selectively couple With at least 
tWo different cartridge leader formats associated With the at 
least tWo different cartridge formats. 
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MULTIPLE FORMAT MAGNETIC STORAGE 
MEDIA DRIVE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is related to earlier ?led 
provisional patent application, US. Application No. 60/513, 
156, ?led on Oct. 20, 2003, and entitled “SERVO METH 
ODS AND SYSTEMS FOR MAGNETIC RECORDING 
AND READING,” Which is hereby incorporated by refer 
ence as if fully set forth herein. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The invention and its various aspects relate gener 
ally to magnetic tape storage devices and systems, and more 
particularly to methods and systems for receiving and driv 
ing storage cartridges of varying formats, and for head 
positioning servo systems for aligning a read/Write head 
With storage cartridges of varying formats. 

[0004] 2. Description of the Related Art 

[0005] Digital tape-recording remains a viable solution for 
storage of large amounts of data. Conventionally, at least 
tWo approaches are employed for recording digital informa 
tion onto magnetic recording tape. One approach calls for 
moving a magnetic tape past a rotating head structure that 
reads and Writes user information from discontinuous trans 
verse tracks. Interactive servo systems are typically 
employed to synchroniZe rotation of the head structure With 
travel of the tape. Another approach is to draW the tape 
across a non-rotating head at a considerable linear velocity. 
This approach is sometimes referred to as linear “streaming” 
tape recording and playback. 

[0006] Increased data storage capacity, and retrieval per 
formance, is desired of all commercially viable mass storage 
devices and media. In the case of linear tape recording a 
popular trend is toWard multi-head, multi-channel ?xed head 
structures With narroWed recording gaps and data track 
Widths so that many linear data tracks may be achieved on 
a tape medium of a predetermined Width, such as one-half 
inch Width tape. To increase the storage density for a given 
cartridge siZe the bits on the tape may be Written to smaller 
areas and on a plurality of parallel longitudinal tracks. As 
more data tracks are recorded on a tape, each track becomes 
increasingly narroW. The tape therefore becomes more sus 
ceptible to errors caused from the tape shifting up or doWn 
(called lateral tape motion or “LTM”) in a direction perpen 
dicular to the tape travel path as the tape passes by the 
magnetic head. LTM may be caused by many factors includ 
ing, tape slitting variations, tension variations, imperfections 
in the guiding mechanism, friction variations mainly at the 
head, and environmental factors such as heat and humidity. 
These factors affect LTM in various Ways. Some may cause 
abrupt momentary jumps While others may cause a static 
shift. Generally, LTM is unpredictable and unrepeatable. 

[0007] In multi-head, multi-channel magnetic tape storage 
systems, random lateral tape motion is generally a limiting 
factor in achieving higher track densities and thus higher 
user data capacity per tape. In order to maintain proper 
alignment of the head With the storage tape and data tracks 
on the tape, the tape is generally mechanically constrained 
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to minimiZe LTM and data retrieval errors. Miss-registration 
betWeen the head and the data track can cause data errors 
during readback and data loss on adjacent tracks during 
Writing. 
[0008] Various techniques for increasing the track density 
on magnetic tape employ recording servo information on the 
tape to provide positioning information to a tape drive 
system during Writing and/or reading processes. Some sys 
tems magnetically record a continuous track of servo infor 
mation Which is then read and used as a position reference 
signal. For example, a variety of techniques have been used 
including dedicated and embedded magnetic servo tracks, 
time and amplitude magnetic servo tracks, and the like. 
Other systems may intersperse or embed servo information 
With user data. Exemplary tape drive systems and methods 
are described, for example, in US. Pat. Nos. 6,246,535, 
6,108,159, and 5,371,638, and US. patent application Ser. 
No. 09/865,215, all of Which are hereby incorporated by 
reference herein in their entirety. 

[0009] Servo methods and drives are generally format 
speci?c, e.g., relating to a speci?c cartridge siZe, data 
format, and servo format. What is desired are methods and 
systems for more accurately positioning read and/or Write 
heads With respect to data tracks of a magnetic storage tape 
in a tape drive over varying data formats and cartridge 
formats. Additionally, tape drive systems that may receive 
and drive cartridges of varying formats, e.g., varying in 
cartridge siZe, reel con?guration, data format, tape egress, 
are desired. 

BRIEF SUMMARY 

[0010] In one aspect of the present invention methods and 
systems are provided for receiving and streaming storage 
tape by a tape head from storage tape cartridges of varying 
formats in a single tape drive. In 

[0011] one example, a tape drive system for use With 
multiple cartridge formats is provided. The exemplary tape 
drive system includes a receiver, a reel driver system con 
?gured to drive at least tWo cartridges having different 
cartridge formats, and a drive leader system con?gured to 
selectively couple With at least tWo cartridge leaders having 
tWo different cartridge leader formats associated With the at 
least tWo different cartridge formats. 

[0012] In one example, an exemplary tape drive leader 
system includes a ?rst drive leader portion con?gured to 
selectively couple With a ?rst cartridge leader format or a 
second drive leader portion, the second drive leader portion 
con?gured to couple With a second cartridge leader format. 
In another example, an exemplary tape drive leader system 
includes a path Which at least one buckle mechanism travels 
to attach to the at least tWo different cartridge formats. 

[0013] In another example, a method for buckling a drive 
leader system of a tape drive to multiple cartridge formats 
having varying cartridge leader formats is provided. The 
method includes positioning a cartridge Within a receiver of 
a tape drive, selectively engaging the cartridge leader With 
a drive leader system at one of at least tWo separate locations 
to provide one of at least tWo different egresses of storage 
tape from the cartridge into the tape drive. 

[0014] The servo systems and methods described herein 
may be employed in a tape drive con?gured to receive 
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cartridges of varying formats and servo a recording head 
With respect to the recording tape. A suitable controller may 
determine the relative position of the head to the tape, 
thereby alloWing the controller to adjust the head position to 
achieve a desired position With respect to the tape. Addi 
tionally, the servo systems and methods described herein 
may be employed With various other servo methods knoWn 
in the art. For example, magnetic, optical, open loop, 
mechanical, and the like. 

[0015] Various aspects and examples of the present inven 
tions are better understood upon consideration of the 
detailed description beloW in conjunction With the accom 
panying draWings and claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 illustrates an exemplary servo system 
including an optical servo system con?gured to sense the 
edge of a storage medium; 

[0017] FIG. 2 illustrates another exemplary servo system 
including an optical servo system con?gured to sense the 
edge of a storage medium; 

[0018] FIG. 3 illustrates an exemplary feedback loop for 
a servo system; 

[0019] FIGS. 4A, 4B, and 4C illustrate various vieWs of 
another exemplary servo system including an optical servo 
system con?gured to sense the edge of a storage medium; 

[0020] FIG. 5 illustrates another exemplary servo system 
including an optical servo system con?gured to sense the 
edge of a storage medium; 

[0021] FIG. 6 illustrates an exemplary mask pattern for 
use in an optical servo system; 

[0022] FIG. 7 illustrates an exemplary signal detected 
from an optical servo system; 

[0023] FIG. 8 illustrates an exemplary magnetic head 
assembly relative to a magnetic storage medium and corre 
sponding read signals during a servo process; 

[0024] FIG. 9 illustrates another exemplary magnetic 
head assembly relative to a magnetic storage medium and 
corresponding read signals during a servo process; 

[0025] FIG. 10 illustrates another exemplary magnetic 
head assembly relative to a magnetic storage medium and 
corresponding read signals during a servo process; 

[0026] FIGS. 11-15 illustrate various exemplary magnetic 
head con?gurations; 

[0027] FIG. 16 illustrates one channel of an exemplary 
read-Write multi-channel head; 

[0028] FIG. 17 illustrates an exemplary tape drive system 
con?gured to receive and read/Write various cartridge for 
mats and data formats; 

[0029] FIGS. 18A and 18B illustrate an exemplary drive 
leader including buckle mechanisms; 

[0030] FIG. 19 illustrates an exemplary tape drive system 
con?gured to receive and read/Write various cartridge for 
mats and data formats; and 

[0031] FIG. 20 illustrates an exemplary reel driver. 
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DETAILED DESCRIPTION 

[0032] Various methods and systems for receiving and 
reading/Writing to tape cartridges of varying formats are 
provided. Additionally, methods and systems for sensing 
lateral tape motion and providing calibration and/or posi 
tional information for a servo system, e.g., a primary servo 
system or subsystem servo, are provided. The folloWing 
description is presented to enable a person of ordinary skill 
in the art to make and use the invention. Descriptions of 
speci?c materials, techniques, and applications are provided 
only as examples. Various modi?cations to the examples 
described herein Will be readily apparent to those skilled in 
the art, and the general principles de?ned herein may be 
applied to other examples and applications Without depart 
ing from the spirit and scope of the inventions. 

[0033] Accurately positioning a transducer head With 
respect to a storage tape and data tracks Within a tape drive 
during Writing and reading processes is one of the main 
challenges in the area of magnetic storage tape systems. 
Generally, a closed loop servo system, deployed by the tape 
drive electromechanical system, utiliZes an estimate of the 
head’s position relative to the storage tape to align the 
transducer head to a data track position. Exemplary methods 
and systems described beloW gather positional information 
for the positioning of a transducer head relative to data 
tracks by utiliZing existing data structures on a magnetic 
storage tape and sensing an edge of the storage tape. The 
exemplary methods and systems may be used Without servo 
data or separate servo systems including, e.g., mechanical 
structures to mount an optical system or the like for detect 
ing servo positioning information. With reduced mechanical 
structure, there may be an increase in servo actuator 
response, enabling higher actuator band Width and ?ner 
track Width resolution. 

[0034] Additionally, because the system uses existing (or 
previously Written) data structures and the tape edge for 
servoing, a drive system may advantageously Write to and 
read from various format storage cartridges and data for 
mats. For example, Super Digital Linear Tape (“Super DL ” 
or “SDLT”) drives, and Linear Tape Open (“LTO”) drives 
may utiliZe exemplary servo systems that are compatible 
With both magnetic servo of LTO and optical servo of Super 
DLT. In one example, a servo system detects at least one 
previously Written data track (referred to herein as a “ref 
erence track”) to provide positional information for a read/ 
Write head relative to a presently accessed track (referred to 
herein as an “active trac ”). Additionally, an optical servo 
system detects at least one edge of the tape to provide 
relative positional information for the read/Write head. The 
exemplary methods and systems may assist various addi 
tional servo system(s) or subsystem(s) of a tape drive to 
align the read/Write head With data tracks during reading or 
Writing processes. 

[0035] Additionally, an exemplary tape drive system is 
provided to accept magnetic storage cartridges of varying 
formats, e.g., cartridge siZes, cartridge leader pin locations, 
gear pitches, storage tape egresses, and the like. For 
example, a tape drive system may equally accept and drive 
both SDLT cartridges and LTO cartridges, and perform 
read/Write processes With both SDLT and LTO recording 
formats. Further, the exemplary servo methods and systems 
may be included to assist the drive With reading/Writing 
processes. 
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[0036] Exemplary tape drive systems and methods that 
may be used With the various exemplary systems and 
methods described herein include, for example, those 
described in US. Pat. Nos. 6,246,535, 6,108,159, and 5,371, 
638, and US. patent application Ser. No. 09/865,215, all of 
Which are hereby incorporated by reference as if fully set 
forth herein. Those of ordinary skill in the art Will recognize, 
hoWever, that various other suitable tape drive systems and 
servo systems (perhaps With some modi?cation that Will be 
apparent to those of ordinary skill in the art) may be used 
With one or more of the exemplary systems and methods 
described. 

[0037] In one exemplary servo system, magnetic servo 
information associated With the relative position of a previ 
ously Written data structure (e.g., a previously Written data 
track), and optical servo information associated With the 
relative position of an edge of the magnetic storage medium 
(e.g., 0.5 inch storage tape), are used to sense relative 
position of the storage tape and magnetic read/Write head. 
The exemplary servo methods and systems may be used 
With multiple format data cartridges, e.g., SDLT or LTO 
cartridges. Accordingly, in another aspect, Which may be 
used alone or in combination With the exemplary servo 
method, a drive system is provided for receiving and driving 
data cartridges of varying formats, e.g., SDLT and LTO 
cartridges. The exemplary drive system may include a drive 
con?gured for multiple cartridge formats and a drive leader 
system to take up varying cartridge leader formats associ 
ated With the multiple cartridge formats. 

[0038] The folloWing description details exemplary opti 
cal servo methods, exemplary magnetic read servo methods, 
and exemplary drive systems con?gured for multiple car 
tridge formats. The exemplary methods and systems may be 
used alone or in combination With other methods and 
systems. 

[0039] Optical Servo Methods and Systems: 

[0040] The relative position of a read/Write head With 
respect to data track locations can be accurately estimated if 
the relative position of the read/Write head With respect to 
the edge of the storage medium or tape is knoWn. The 
relative position of the tape edge may be obtained by 
optically sensing the position of the edge of the storage tape 
With respect to the head element With a suitable optical 
system. 

[0041] FIG. 1 illustrates one exemplary optical servo 
system for sensing the relative position of an edge of a 
storage tape 10. The optical servo system includes a light 
source 46, stationary optical sensing device 44, and a 
patterned mask 40 con?gured to sense the edge of storage 
tape 10. Storage tape 10 is guided by rollers 38 from a 
supply reel (e.g., Within a cartridge), to a take-up reel (e.g., 
Within a tape drive system) and adjacent read/Write head 16 
and the optical servo system. 

[0042] An optical path is shoWn in FIG. 1 extending 
betWeen light source 46 and optical sensing device 44. In 
one example, sensing device 44 includes an area or linear 
detector aligned along the lateral direction. Sensing device 
44 detects light through a WindoW blocked by the optical 
image of the edge of storage tape 10 on one side and an 
optically coded mask 40 attached or in a ?xed spatial 
relationship to the read/Write head 16 on the other side. 
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Mask 40 includes at least one area of varying transparency 
to light from light source 46, e.g., aperture 41, and mask 40 
is coupled to or in a ?xed spatial relationship to head 16. 
During operation, tape 10 Will at least partially obstruct the 
at least one aperture 41 to create at least one WindoW de?ned 
by the area of aperture 41 less the area of tape 10 Which 
overlaps aperture 41 along the optical path betWeen light 
source 46 and sensing device 44. In this example, the lateral 
length of the aperture is set less than the Width of tape 100. 

[0043] Light source 46 illuminates, e.g., With incoherent 
light, the at least one WindoW formed by tape 10 and aperture 
41. Sensing device 44 detects light passing through the 
WindoW and provides a measure of the relative position of 
the edge of tape 10 to the head 16. A controller may adjust 
the position of head 16 in response to signals from sensing 
device 44 associated With the detected light. For example, 
the controller may adjust the position of head 16 to maintain 
the intensity of the detected light at a particular value, 
thereby keeping the WindoW at the same or similar siZe. 

[0044] In one example, sensing device 44 includes a 
transmissive optical sensor. Transmissive optical sensors are 
Well established and characteriZed devices in the industry. 
They are also relatively inexpensive and readily available, 
hoWever, various suitable sensors may be used, e. g., CCD or 
CMOS devices. Changes to the read/Write head and tape 
path assembly in existing drive systems, such as the SDLT 
drive, are generally minor and inexpensive and Will be easily 
recogniZed by those of ordinary skill in the art. 

EXAMPLE I 

[0045] To test the feasibility of using a tape edge sensor 
and track the LTM of a storage tape, an optical servo system 
including a transmissive optical sensing device similar to 
that shoWn in FIG. 1 Was attached to an SDLT220 drive, 
manufactured by Quantum Corporation. The sensing device 
Was positioned such that it monitored the position of the top 
edge of the tape relative to the position of the read/Write 
head. The gain and offset of the accompanying electronic 
circuitry Were set so that an analog signal Was generated 
With a range of 0 to 3 volts that corresponded to approxi 
mately ?ve 24-micron Wide SDLT220 format data tracks. 
The analog signal Was used as an input to an A/D converter 
on the SDLT220 tape drive. Each 0.6 volt change in signal 
(44 out of 256 A/D bits) represented approximately 24 
microns. 

[0046] The tape edge sensor signal Was calibrated and 
suitable ?rmWare Was Written for the SDLT220 to test the 
ability to track to the tape edge sensor. TWo conditions Were 
tested: 

[0047] 1. The drive Was loaded and calibrated With a 
conventional SDLT220 tape and several data tracks 
Were Written in conventional SDLT220 servo mode, 
i.e., using the optical tracking servo in the drive. The 
data tracks Were then read back by the drive using the 
optical tracking servo. As the drive Was reading, a 
command sequence Was sent to the drive via a 
diagnostic communication port that sWitched the 
drive from using the conventional optical tracking 
servo to a tape edge servo system (substantially as 
shoWn and described in FIG. 1). The drive continued 
reading the data track Within reasonable data error 
rates using the tape edge servo system. Additionally, 




















